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A spectral analysis method is proposed as a 
general means to analyze propagation properties of 
leaky waven, viz., velocity and attenuation, from 
V(z) curves measured by means of the line-focus- 
beam acoustic microscope system. 
method shows that, in the spectral distribution 
obtained by the Fourier transform of V(z1 curves, 
the velocity is determined from a center frequency 
which gives a maximum spectrum, while the 
attenuation is determined from a spread of spectra. 
Using an FFT waveform analysin, experimental 
procedure of processing V(z) curves is developed. 
Experiments are demonstrated for a fused quartz 
using a sapphire line-focus-beam lens at 225 MHz. 
The analysis 
1. Introduction 
Studies on the line-focus-beam acoustic 
microscope have been successively made for material 
characterization through the V(z1 curve measurements 
[1]-[61. Recently, a useful measurement principle 
of determining both velocity and attenuation of 
leaky waves propagating on the vPter/sample boundary 
directly from measured V(z) curven has been 
developed using a simple model derived from a 
combination of ray and field theories C71. 
In this paper, on the basis of the measurement 
principle, a spectral analysis method is introduced 
for analyzing the two acoustic quantities from the 
V(z1 curves. 
2. Spectral Analysis 
According to the measurement principle developed 
previously [ T I ,  the piezoelectric transducer output 
V(z) is approximately represented as follows: 
V ( Z )  = V , ( Z )  + V L W  , (11 
where V,(z) is the characteristic lens response and 
V ~ ( Z )  is the interference output containing acoustic 
information on a sample. The VIIz) is given by 
( 2 1  v I ( z )  = c.exp(agz).expIj(rlz+J,) 1 , 
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Fig. 1 Cross-sectional geometry of acoustic line- 
focus-beam lens for explaining the 
construction mechanism of V(z) curves. 
where 0 in the relative phase change per unit 
translation distance z between rays I.0 and #l (see 
Fig. 1) and $ is the initial phase difference 
between them. The attenuation factor a0 in the 
VI(Z) function is related to the propagation 
attenuation ai of leaky waves on the uater/sample 
boundary and that au of longitudinal wave in water 
as 
a 0 = - 2 ( a u / c o s 8 z - y . t a n 8 Z )  , (3) 
y = 2nfa 1 l v  I '  (4) 
where 02 and V z  are the critical angle and phase 
velocity for leaky waves, respectively, and f is 
the acoustic frequency. The critical angle is 
defined as 
where Vu is the longitudinal velocity of water. 
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Now, the Fourier transform for the VI(z) 
truncated by a rectangular window function with a 
width of 22, is expressed aa 
F(k) =I-IZwYI(z).eYP(-jkz).dz 2n -2  . ( 6 )  
W 
The voltage spectrum is defined as 
where X,(k) and Xi(k) are the real and imaginary 
parts of F(k), respectively. In the spectral 
distribution as schematically shown in Fig. 2, we 
direct our attention to two spectra at frequencies 
of k=n and q + n / z w  (or ri-n/zw) as follows: 
From Eqs. (81 and (91, we can obtain the equation: 
( n / z w ) .  I ~ ( n  i .rr/zW) I 
(10) 2 112 * a =  
0 {lF(n)12- /F(n-kn/zw)l 1 
Thus, the attenuation factor a can be estimated by 
the two specified spectra. 0 
n 
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Fig. 2 Schematic waveforms in spectral analysis 
of V(z) curve. 
The center frequency n (mode spectrum), at which 
the voltage spectrum is maximum in the spectrum 
distribution, gives the dip interval Az in the V,(z) 
curve with the equation: 
Az=2n/n . (11) 
The velocity V I  using the value Az is calculated by 
the well-known equation [ 2 1 :  
Using the measured V z  and a. and Eqs. ( 3 )  and (41 ,  
the normalized propagating attenuation factor u z  for 
leaky waves can be calculated by the equation: 
3. Experiments 
On the basis of the measurement principle, a 
fundamental processing procedure is made using an 
FFT waveform analysis method as a means of the 
spectral analysis, as shown in Fig. 3. The 
interference output VI(z) is obtained by subtracting 
the characteristic lens response V L ( Z )  from a 
measured V ( z )  curve. Here, a V(z) curve for lead, 
measured under the same conditions as the Viz) 
curves to be analyzed, is used as the V L ( Z ) .  After 
sampling the measured V(z) curves with the distance 
intervalAZ, (sampling points Is ) and adding dumng 
sampling points N d  both in front of and behind the 
V I ( Z )  data in order to obtain a sufficiently high 
resolution of frequency, we apply the FFT analysis 
to the waveform with a total sampling points of 
H = l S + U d .  The frequency interval Ak is given by 
Ak=2n/(N*AZs) . (14 )  
From the spectral distribution, we obtain a center 
frequency nand two spectra of lF(n)l and 
IF(n+n/z,ll. 
determine the velocity and attenuation of leaky 
waves on the uater/sample boundary. 
Using these measured values, we can 
Experiments are performed for demonstration 
taking a fused quartz with an optically polished 
surface as an example using a sapphire line-focus- 
beam lens 1.0-mn radius at a frequency of 225  MHz. 
Figure 4 (a) shows the measured V ( z )  curve. Figure 
4 (b) is the V ( z )  curve for polycrystalline lead, 
which is employed as the characteristic lens 
response VL(Z). 
the V~(zl shown in Fig. 4 (c). Figure 4 (d) shows 
the spectral distribution analyzed by an FFT for the 
V ( 2 ) .  In the analysis, the total sampling points 
o i  11=8192 are used. 
leaky SAW appears clearly at a frequency of k=0.1915 
rad/um. Using Eqs. (111 and (121, the velocity is 
determined to be Vlsm=3418 m/s. 
at k=0.1915 and 0.2020 rad/!m, we CM obtain the 
attenuation in Eq. (10)  and finally determine the 
normalized attenuation factor of c c ~ ~ a 7 2 = 3 . 8 9 ~ 1 0 - ~ .  
Calculating V(z)-V~(zl, we extract 
A single mode spectrum for 
Using two spectra 
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(e )  
Experimental results are in good agreement with the 
theoretical values ofvZSaw=3430 m/s and a l s o =  
3.82~10' 
for fused quartz [8] and for water the longitudinal 
velocity ofvw=1483 m/s 191 and the density of 
~ ~ 9 9 8 . 2  kg/m [lo] at 20"C,  as shorn in Table 1. 
differences are -0.35% in velocity and +1.8% in 
attenuation. 
calculated by uslng the physical constants 
The 
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Fig. 3 Processing procedure for VIZ) curve analysis. 
Table 1 Comparison of measured results with 
calculated results of promation 
characteristics for leaky SAW on 
water/Si02 boundary. 
Phase v e l o c i t y  Normalized a t t e n u a t i o n  
Measured CaZculated Measured Calculated 
lsaw (m/s) factor CY lSQw V 
W 
2 
l- 
J 
W lx 
a 
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- I  
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Fig. 4 V(z1 curve analysis for leaky SAW propagating 
3418 3430 3 .  89x10-z 3 .  82x10-z 
on water/Si02 boundary at 225 blHz. 
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4. Conclusion References 
A spectral analysis method has been introduced 
as a general means to analyze acoustic properties of 
leaky waves, i.e., velocity and attenuation, 
propagating on the uater/sample boundary from V ( z 1  
curves measured by the line-focus-beam acoustic 
microscope system. Experimental procedure of 
processing V(z1 curves has been established using an 
FFT waveform analysis and it has been successfully 
applied to the determination of propagation 
characteristics of leaky SAW for fused quartz. This 
method can be easily expanded for deformed V ( z )  
curves associated with multiple leaky wave modes. 
The system with the spectral analysis method is 
expected to become one of the most important 
instruments for material characterization. 
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